T he molecular biology of human papillomavirus (HPV)-related tumors, such as cervical cancers, 1 and associated immune escape mechanisms have driven the exploration of new treatment paradigms. 2, 3 Ipilimumab, the first checkpoint receptor inhibitor to be clinically tested, is a fully human monoclonal antibody against cytotoxic T-lymphocyte antigen-4. We designed a phase 1/2 trial to explore the tolerability and activity of ipilimumab in recurrent cervical cancer.
Methods

Study Design
The run-in cohort (phase 1) assessed the safety of ipilimumab in this population given prior pelvic radiotherapy and platinumbased chemotherapy. The second cohort of the trial was a singlearm, multicenter, 2-stage, phase 2 study to evaluate the antitumor activity of ipilimumab ( Figure 1 ). This study was conducted from December 3, 2012 , to September 15, 2014 , by the Princess Margaret Cancer Centre, Toronto, Ontario, Canada; University of Chicago Medical Center, Chicago, Illinois; and California Cancer Phase II Consortia, Duarte, California. The study was approved by the institutional review board of the City of Hope and the institutional review board at each site. All patients provided written informed consent; there was no financial compensation.
Treatment Plan
The run-in cohort was to receive ipilimumab, 3 mg/kg, intravenously every 21 days for 4 cycles in 6 patients. The second cohort was to receive ipilimumab, 10 mg/kg, every 21 days for 4 cycles (week 1 to week 12) followed by 4 additional cycles as maintenance therapy (week 24 to 1 year) at the same dose every 12 weeks for patients with radiologic response or stabilization. All patients received 650 mg of acetaminophen before administration of ipilimumab.
Assessment of Toxic Effects and Efficacy
Toxicity was assessed per Common Terminology Criteria for Adverse Events, version 4.0. 4 For the safety cohort, a dose-limiting toxic effect (DLT) was defined as unexpected nonautoimmunerelated grade 3 adverse effects, grade 4 adverse effects, or autoimmune-related adverse effects that were not responsive to corticosteroid treatment and did not resolve to a grade 1 level within a 4-week period of initiating corticosteroids. Radiologic assessment was performed by computed tomography within 28 days prior to registration, at weeks 12 (±1 week), 18, 24 weeks, and every 12 weeks during maintenance therapy. Assessment of response was performed using the Response Evaluation Criteria in Solid Tumors, version 1.1.
5 Patients demonstrating clinical or radiologic progression or significant toxic effects were withdrawn from the study.
Correlative Analysis
Archival tissue, paired tumor biopsies at baseline and 7 days after cycle 2, and blood sample collection were requested in all patients at different times. In addition, HPV testing and immune assessment were performed on tumor tissue and blood samples at different time points.
Statistical Analysis
Coprimary end points were to assess safety and antitumor activity of ipilimumab by objective response rates (RRs) (null hypothesis RR<5%; alternative RR>20%; α error of 10%; and power of 90%) using a Simon 2-stage design. 6 Secondary end points were to assess the antitumor activity of ipilimumab by progression-free survival and correlate changes in immunologic profiles with response. For correlatives, change in the expression of the indicated molecule (percentage positive) before and after treat- Findings In a phase 1/2 trial, 42 women received ipilimumab with manageable toxic effects (no dose-limiting toxic effects); 1 patient had a response, and 10 had stable disease with a median progression-free survival of 2.5 months. The baseline tumor immune infiltrate neither changed nor predicted benefit of treatment, yet a treatment-dependent increase of inducible T-cell costimulator, human leukocyte antigen-antigen D related, and programmed cell death 1 expression was observed on peripheral blood lymphocytes.
Meaning Monotherapy with ipilimumab had minimal clinical activity but increased peripheral lymphocyte activation markers; failure to note these changes in tumors may explain the lack of clinical activity.
ment (difference between C2D1 and baseline) was compared using a 2-sided t test (level of significance P < .05). Correlation of clinical activity by best objective RR (partial response or stable disease vs progressive disease) was assessed for changes (percentage expression) of these markers using the Mann-Whitney test with Prism, version 6 software (GraphPad Software Inc).
Results
From December 3, 2012, to September 15, 2014, 42 patients with a median age of 49 (range, 23-78) years were enrolled. Of these, 29 (69%) had squamous cell carcinoma and 13 (31%) had adenocarcinoma. Thirty-five (83%) patients had received prior radiotherapy, and 21 (50%) had received 2 or 3 prior chemotherapy regimens. No DLTs were observed in the run-in cohort. Grade 3 toxic effects included diarrhea (3 of 4 patients with colitis) (Table and eTable 1 in the Supplement). Two patients died during the trial; 1 death occurred after 1 cycle and was not considered drug related, and the other death was a grade 5 colonic perforation following cycle 3, which occurred in a previously radiated area and was possibly related to ipilimumab.
Best responses assessed for 34 evaluable patients included 1 partial response (squamous cell carcinoma); 10 stable disease (6 squamous-cell carcinoma and 4 adenocarcinoma), including 1 unconfirmed partial response; and 23 progressive disease. Eight patients were unevaluable because they were removed from the study before the first mandated computed tomographic imaging. Six patients continued treatment as maintenance. Median progression-free survival was 2.5 months (95% CI, 2.1-3.2 months), and the median overall survival was 8.5 months (95% CI, 3.6, upper limit not reached; 1 patient was still alive).
Thirty-seven (93%) of the 40 tumors were confirmed HPV-positive; 1 HPV evaluation was negative, 2 were inconclusive, and 2 had insufficient archival tissue). Twelve cases were genotyped; of these, 7 were HPV16, 3 were HPV18, and 1 was HPV39; 1 was not HPV.
Thirty-six of the 42 patients underwent biopsy: 25 (60%) received tumor biopsies before and during treatment, and 11 (26%) had only a pretreatment biopsy. In 1 patient, the biopsy did not contain tumor tissue. Five patients did not undergo a biopsy because it was considered unsafe.
Although intratumoral CD3, CD4, CD8, and FoxP3 expression before and during treatment was not significantly increased with ipilimumab, there was a significant increase in CD3 in tumor stroma (eFigure 1 in the Supplement). The presence of baseline immune infiltrate in the tumor or stroma was not associated with response or stable disease. Pretreatment programmed cell death ligand 1 (PD-L1) expression was negative in 20 patients, expressed in 1% to 10% of the cells in 4 patients, expressed in more than 10% in 4 patients, and was not available for 14 patients and did not correlate with response. In 5 patients, expression of PD-L1 changed from negative at baseline to positive after ipilimumab treatment. Indoleamine 2,3-dioxygenase (IDO) expression was negative at baseline in 23 patients and positive in 6 patients. Expression of IDO was not correlated with response, and its expression was different on paired biopsies for 2 patients (eTable 2 in the Supplement).
Multicolor flow cytometry on peripheral lymphocytes revealed a significant treatment-dependent increase of inducible T-cell costimulator, human leukocyte antigen-antigen D related, and PD-1 during treatment, which returned to baseline levels during maintenance (Figure 2 ) but did not correlate with response. Increased expression of CD161+ on CD4+
T cells was seen in tumors from patients with progressive disease (P = .04) but not in patients with partial response or stable disease (eFigure 2 in the Supplement).
Discussion
To our knowledge, this is the first trial investigating ipilimumab in cervical cancer with correlative studies in paired biopsies and blood sample collection for immune profiling. Safety of treatment was demonstrated, and the toxic effects were similar to those observed using similar doses of ipilimumab in other cancers.
7 Although the study did not meet the prespecified RR of 20%, some patients may have derived benefit from treatment, with durable, stable disease for 6 patients. Pretreatment tumor expression of PD-L1 was negative for 20 of 28 patients tested, although a recent study reported that more than 90% of tumor samples expressed PD-L1 in archival tissue.
8
Ipilimumab significantly induced immune activation in peripheral blood but did not elicit a significant response in patients' tumors. The lack of induction of significant activated immune infiltrate or the inability of activated cells to gain access to the tumor may account for the lack of tumor response. Factors such as tumor hypoxia 9 and prior pelvic radiotherapy may reduce immune infiltration into the tumor following administration of ipilimumab. In this study, the induction of PD-1 expression on peripheral lymphocytes following administration of ipilimumab has been observed and may be a mechanism contributing to resistance or immune exhaustion. Preliminary activity of anti-PD1 treatment has been reported in advanced cervical cancer.
10,11 Increases in circulating CD4+CD161+ T-cell populations appear to be associated with disease progression. These cells may represent a specific subpopulation of T H 17, 12 which are T-helper lymphocytes characterized by functional plasticity. 13, 14 The observed immune changes reflect immunologic activation without significant antitumor effects, which warrants further investigation into the mechanisms of immune escape.
Limitations
The primary limitation of the trial was the single-arm design. This was a phase 1/2 trial assessing ipilimumab monotherapy with no control arm.
Conclusions
This phase 1/2 study shows the need for new treatment strategies and the feasibility of immunotherapy studies with paired biopsies in recurrent cervical cancers. Ipilimumab as monotherapy did not demonstrate significant benefit in this setting. 
